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度。这一结果预测了通过机械剥离 MAX 相材料合成 MXene 的可能性并阐明了
其微观机理。为了实现MXene器件的柔性化，系统地研究了MXene材料 Tin+1Cn
（n=1、2和 3）的拉伸应力应变关系以及其变形机理，发现二维 Ti2C材料在双
轴和沿 x、y方向的单轴拉伸变形时能承受的最大应变分别为 9.5%、18%和 17%。































Transition metal oxides/carbides have great application in resistance random 
access memory (RRAM), photocatalysis and energy storage and conversion devices. 
In this dissertation, using several materials as examples, we have extensively 
investigated the electronic structure (chapter 3), atomic diffusion in a solid (chapter 4), 
mechanical properties (chapter 5) and dependence of material performances on 
pressure and temperature (chapter 6) of transition metal compounds and alloys by 
means of first principles calculations based on the density functional theory.  
To unravel the modulation principles of electronic structure, using SrZrO3 as an 
example, we have firstly investigated the electronic structures of bulk SrZrO3 with 
ordered and disordered oxygen vacancies (VO). Our results show that the formation of 
oxygen vacancy row (VO-row) results in the defect assisted conduction channel, 
which is the “ON”-state of SrZrO3 RRAM, while the disruption of the ordered 
VO-row breaks this conduction channel and hence this structure is the OFF-state of 
SrZrO3 RRAM. The formation and disruption of VO-row is triggered by the applied 
electric field through electron injection and removal. While for the doping cases, the 
electronic structures of mono-doped and co-doped SrZrO3 are investigated to obtain 
design principles for improving their photocatalytic activity in hydrogen generation. 
The cationic-anionic co-doping in SrZrO3 could reduce the band gap significantly and 
its electronic band position is excellent for the visible-light photocatalysis. We report 
a new type of candidate material for visible-light driven photocatalysis, i.e., huge-gap 
semiconductors with band gap larger than 5 eV. Furthermore, based on the present 
results we have proposed the design principles for band gap engineering that provides 
general guideline for other huge-gap semiconductors. 
For atomic diffusion in material, we studied the diffusion of oxygen vacancy in 
resistance switching material, which plays a key role for resistance switching in 
RRAM. Based on first principles calculations and transition state theory, using 
















resistance switching material, finding that the diffusion energy of oxygen vacancy 
strongly depends on its charge states and 
2+
OV  contribute mostly to the resistance 
switching due to its lowest activation energy. To adjust the performance of SrZrO3 
RRAM, the effects of dopants (Y, V, Nb and Ta) were revealed according to their 
modifications on the diffusion of 
2+
OV . We found that doping of Y or V has the most 
significant improvement on the performance of RRAM devices. Furthermore, for 
dopants with various numbers of valence electrons and atomic radius, general design 
principles were proposed based on their different effects on the RRAM characteristics. 
Our results will guide the experimentations and pave a new way for the optimizing of 
RRAM devices. 
According the mechanical properties of transition compounds and alloys, we 
choose layered transition metal carbides (Mn+1AlCn, refered to as MAX phases) and a 
new family of two-dimensional (2-D) transition metal carbides (Mn+1Cns, labeled as 
MXenes) as the model systems. MXenes, derived from MAX phases, attract 
increasing interest due to the promising applications as Li-Ion battery anodes, hybrid 
electro-chemical capacitors and electronic devices. To predict the possibility of 
forming various MXenes, we investigated the chemical bonding changes of MAX 
phases in response to tensile and shear stresses M2AlC (M=Ti, Zr, Hf, V, Nb, Ta, Cr, 
Mo and W) as examples. Our results show that the M2C layer is likely to separate 
from the Al layer during the tensile deformation, where the failure of M2AlC is 
characterized by an abrupt stretch of the M-Al bonds. While under shear deformation, 
the M2C and Al layers slip significantly relative to each other on the (0001) basal 
planes. It is found that the ideal strengths of M2AlC are determined by the weak 
coupling of the M2C and Al layers, closely related to the valence-electron 
concentration. Our results unravel the possibility as well as the microscopic 
mechanism of fabrication of MXenes through mechanical exfoliation from MAX 
phases. Furthermore, to realize MXenes devices in future flexible practical 
applications, we studied the stress-strain curves and the deformation mechanisms in 
















that 2-D Ti2C can sustain large strains of 9.5%, 18% and 17% under tensions of 
biaxial and uniaxial along x and y, respectively, which respectively increase to be 
20%, 28% and 26.5% for 2-D Ti2CO2 by surface functionalizing oxygen that is much 
better than graphene (15% biaxial). The elastic failure of 2-D Tin+1Cn MXene is due 
to the significant collapse of the surface atomic layer, while surface functionalization 
could slow down this collapse, resulting in the improvement of mechanical flexibility. 
The present results provide an insight into the microscopic deformation mechanism of 
MXenes and hence benefit their applications in flexible electronic devices. 
 To investigate materials’ performances under high pressure, we have 
extensively studied the elastic, electronic properties and thermodynamic as well as 
their dependences on pressures up to 71 GPa by first principles calculations using one 
γ brasses phase (N2Zn11) as an example. We found that Ni2Zn11 remains energetically, 
mechanically and dynamically stable under the present studied pressure range. Further 
analysis on the electronic structure of Ni2Zn11 unravels that under various pressures, 
the pseudogap at the Fermi level which reduces the electronic energy of the system 
accounts for the stability of γ brasses, i.e., the well-known stabilization mechanism 
still holds at high pressure. Besides, various thermodynamic quantities of Ni2Zn11 
under high pressure were systematically calculated and analyzed. Our present results 
extend the knowledge of the stabilization mechanism and performance of γ brasses to 
a high pressure condition. 
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